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[ Abstract ] Background and objective Acquired and primary resistance to epidermal growth factor receptor tyro-
sine kinase inhibitor (EGFR-TKI) is still the bottleneck of clinical treatment of advanced non-small cell lung cancer (NSCLC).
STE029 is a novel anticancer drug which consists of 3-hydroxy-3-methylglutarylcoenzyme A reductase (HMGCR) inhibitor
and novel cancer cell membrane targeting molecular. This study aimed to investigate the reversal mechanism of EGFR-TKI re-
sistance by STE029 in lung adenocarcinoma. Methods CCKS test was used to test the cell viability and survival rate of EGFR
mutated PC9 cell (Gefitinib sensitive), PC9/BB4 cell (acquired Gefitinib resistant), and EGFR wild type A549 cell after treat-
ment of STE029, Gefitinib or combination of both. EdU test was applied to detect changes in cell cycle and Hoechst 33258 was
applied to detect apoptosis rate in overcoming the EGFR-TKI resistance. The activity of EGFR/PI3K/Akt, cell cycle and apop-
tosis signal pathways were examined. In vivo, nude mice were exposed to STE029, Gefitinib and STE029+Gefitinib for 5 wk.
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And the the tumor volume was measured and tumor weight was obtained on the last day. Results (1) PC9 cells was highly sen-
sitive to Gefitinib, while PC9/BB4 and A549 cell showed significant resistance to Gefitinib treatment; (2) STE029+Gefitinib
treatment could significantly decrease the 50% inhibitory concentrarion (ICy,) of Gefitinib in PC9, PC9/BB4 and A549
cells (P<0.0S, respectively); (3) In PC9 and PC9/BB4 cells, STE029+Gefitinib can block cell cycle and inhibit cell prolifera-
tion (P<0.001), while there was no significant difference in apoptosis rate among three drug intervention groups (P>0.05);
However, apoptosis rate was increased in STE029+Gefitinib group in AS49 cell (P<0.01), while no significance detected in
cell proliferation (P>0.05). (4) In PC9 and PC9/BB4 cells, the combination of STE029 and Gefitinib could downregulate
p-EGFR, p-Akt, p-Cyclin D1 and Cyclin D1 (P<0.001), and upregulate the expression of GSK-3B (P<0.001), and the expres-
sion of cleaved caspase-8, caspase-8 cleaved caspase-9, caspase-9 showed no difference among groups (P>0.05). In A549 cells,
the combination of STE029 and Gefitinib could downregulate p-Akt (P<0.001) and upregulate cleaved caspase-8 and cleaved
caspase-9 (P<0.001); (S)In vivo, the combination of STE029 and Gefitinib effectively inhibited tumor development and pro-
gression compared to STE029 alone or Gefitinib alone, with significant difference (P<0.05) in PC9 and PC9/BB4 xenografted
tumor. Conclusion STE029 could sensitize Gefitinib by inhibiting EGFR/PI3K/Akt pathway, blocking the tumor cell cycle
and proliferation and inducing apoptosis through caspase-8 and caspase-9 dependent pathway. STE029 deserves further inves-

tigations in overcoming EGFR-TKI resistance in lung cancer.
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D1 AP . p-Cyclin D15 A3 . caspase—S'E_EtﬁTfT“ cleaved
caspase-8 PP . caspase-9 LI, cleaved caspase-9 L
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0.25 ymol/L. 1pmol/L. 4 pmol/L. 8 umol/L. 16 ymol/L.
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(#0.5%Triton X-100/PBS) i (A5 K7 510 min; PBSIH
PES min, BEFLIA100 pLiY1xApollo® 4L (i iz Witk (# it HH
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BRUFAIAN, 4 HBALB/c-Nude#f 4F1100 uL (6x107
AS/mL) TAMEBOAAL, EF A R0 X, LN
420, BASH, IS T R IR RA100 mme L) [
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AS49 4N M FE S PR T sE I 2 B, TEPCOM
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Tab 1 Comparison of Gefitinib IC, and STE029 IC in PC9, PC9/BB4, A549 cell lines

Index IC;, (umol/L) (Mean, 95%Cl) P
PC9 PC9/BB4 A549
Gefitinib 0.12 (0.07-0.21) 11.41 (10.67-12.20) 14.39 (13.32-15.55) 0.0012
<0.000,1°

0.054¢

STE029 2.48 (2.17-2.85) 7.80 (5.92-10.26) 8.26 (7.64-8.92) 0.0052
0.007°
0.320¢

2: comparison between PC9 cell lines and PC9/BB4 cell lines; b: comparison between PC9 cell lines and A549 cell lines; <: comparison between PC9/

BB4 cell lines and A549 cell lines. IC,: 50% inhibitory concentration.
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1 FHEMKELRRZAMLEA X THEEEEIMEKE. A: PCOAA; B: PCO/BBAMAE; C: AS494AH.
Fig 1 Regression curve of survival rate treated with different combination of Gefitinib and STE029. A: PC9 cell; B: PC9/BB4 cell; C: A549 cell.
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® 2 ARHRRFEBERPCI. PC/BB4. ASAOYREKEX S EIIRESTE0294L B FX HAREEIC, BRI
Tab 2 Comparison of Gefitinib IC,; in PC9, PC9/BB4, A549 cell lines after in combination with STE029

Cellline STE029 concentration Gefitinib IC; (umol/L) (Mean, 95%Cl) 2=
PC9 0 pmol/L 0.128 (0.075-0.218)
0.5 umol/L 0.006 (0.003-0.009) 0.007,4
1 umol/L 0.004 (0.002-0.008) 0.013,3
2 umol/L 0.003 (0.002-0.006) 0.011
PC9/BB4 0 umol/L 11.410 (10.670-12.200) -
4 umol/L 2.606 (1.988-3.417) 0.021
6 umol/L 1.910 (1.402-2.603) 0.031
8 umol/L 0.924 (0.580-1.472) 0.034
A549 0 umol/L 14.390 (13.320-15.550)
4 umol/L 10.760 (8.344-13.870) 0.135
6 umol/L 10.660 (8.337-13.640) 0.098
8 umol/L 6.251(4.934-7.919) 0.004
2 comparison of Gefitinib IC,  under different concentration of STE029 in PC9, PC9/BB4 and A549 cell lines, respectively.
% 3 PC9. PC9/BBAR T#iBMHE3SKATBIAEE (9)
Tab 3 Tumor weight evaluated on day 35t according to different treatments
Cell line Group n Tumor weight (g) F P
PC9 Control 5 2.030%0.265 63.66 <0.000,1
STE029 5 1.144£0.130
Gefitinib 5 0.760£0.221
STE029+Gefitinib 5 0.350%0.160
PC9/BB4 Control 5 2.1421+0.259 26.99 <0.000,1
STE029 5 1.188%0.217
Gefitinib 5 1.42610.378
STE029+Gefitinib 5 0.542+0.258

I, IMEGFR-TKITEM 2 8 A U M2 Y T A6l 5
65 AT F A< i R P X A

U0 S 6 8 36 TE A 5256 TR B A il 988 P C 9
PCY/BB44fI M EGFRIEH WA BT 193977 1S bp Ayl
RAL, JB& T I H WIIEGFR 12878 . J-H., PC9/BB44
L ARAT I T 790 M 28745, BB ARAFPEmT 25 1 7= A= 55
T790MIM 2458 4% 22 [F] TG B S AR S o AR 5 R il
J 968 A S 49 4 ik S 6 A IR 1 SR U E GF R Y A AU 4
i, % AR e R IRTIZY , IR e FE EGER TR il
FHPILHN S R 5 FH I AR . PR IE, DA PCOAN i 2
HE, ffi FHPC9/BB4LA S AS49 4 i KA 5% Anfe] 5E IRNSCLC
EGFR-TKIMZY, ATt 2 = UTRIZ W) AU - it
BRSBTS R X

AR N HNSEES, AT GEUESE TS TE029 1] 138 5 fifi it
e AR RN 24 . AEARSD, STEO2940 i Al i Jes 41 i 14 7,

JE AT IR 24 i B 9 E G FRSE 72 R FN T A= AU 240 Xﬁd’D

AR e U 5 ST029 . T AR 147 mT 410 il e it g 240 L
BB, AR T, BRI AR B R 1 A Y
5 TEVRPN, STE029HK & 7 I8 T i 2 I il i s 12
TR AR AR U

YENEGFR T i {55 18 % Hh s L 29— 7y, PI3K/
Aktf5 5L SR ARAE EGFRSE AL 1 Ko Y 1= Y20 M it 245 K% Tif
i R T AR CAFEIIRY], PI3K/Akt
o TR 22 28 IR A i v S O IRAS, RE AR B b
JEANNIIGTE | IERS | AR 28 A AR B, S A0 RYE T DL
R 118 200 0 S 8 3 Rt 24P 7 A . PI3K/AKe [ 5-i  5
S it 2 g AL 42 A%, Horb, BUE TR A0 A R Y
OSSR R A E RPN 18 . 3 BTG A PI3K /At
ALl caspase Z 5 Y 24 A TG AL A 7200, caspase K
JoRAE A M Tk A e B HE R AR, R B
ﬁﬁ‘fﬁJcaspase (caspase—l\ 2.-4.-5.-8.-9) ﬂ]%{@caspase
ﬁspallsj-_% |]6 7. -14) TS, —MIEOLT, Al
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Control STE029 Gefitinib STE029+Gefitinib

PC9

PC9/BB4

A549

2 PC9. PC9/BB4. AS494RMTE AR Z 4L BB IR 16 U 4 B 3SR TS . EJUSEIE M AAEIETE (X200) , & FHEEKSHIMA AL E,
Fig 2 Cell proliferation was tested by EdU fluorescent staining in PC9, PC9/BB4, A549 cells after treated with different combination of Gefitinib
and STE029. Proliferated cells showed red signal by EdU staining (X200).

Control STE029 Gefitinib STE029+Gefitinib

PC9

- -

A549

3 PC9. PC9/BB4. A5494FIZE AR R ZIHAL B IR M 4B A TIKZS, Hoechst 33258 A MpafE, AT HMAXES, 2RI (X200) .
Fig 3 Cell proliferation was tested by EdU fluorescent staining in PC9, PC9/BB4, A549 cells after treated with different combination of Gefitinib and
STE029. Cell apoptosis was tested by Hoechst 33258 fluorescent staining, and apoptosis cells showed highlight signal (X200).
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A
PCo PC9/BB4 A549
Gefitinib - - + + - - + + - - + +
STE029 - + - + - + - + - + - +
: . . - 41 kDa
Cleaved caspase-8 ~ Wi '..‘. i ‘ a — ~ IR — 43 kDa
Caspase-8 - - k- - “ “ 57 kDa

Cleaved caspase-9 | "= . .‘
Caspase-9 “

- — ’. 35 kDa

e A s> s 47 kDa

B-actin wruse ol DDl o
B PCo PC9/BB4 A549
Gefitinib - - + + - - + + - - +
STE029 - + -t - + - n - + ,
p-EGFR - - ® =% = 175KDa

= I I X

P-AKl - - —

Akt RS AR sdme e

3P| e e

P-Cyclin D1 | — — o
cycinD1 (D DD w—
B-actin

. - ! . 175 kDa

ey SNy == — 60kDa

- — —— 60 }D:
- - 46 kDa

- e e s 36 kDa

-_— s s W 36 kDa

S

& 4 FHIEEE. STE029BL &R FAXTPCI. PCO/BB4. AS494HRIEGFRIE M A EH] (A) . MALATIHXER (B) RikKFHIFN
Fig 4 Western-blotting for EGFR signaling pathway and cell cycle-related proteins (A) and cell apoptosis-related proteins (B) in PC9, PC9/BB4, A549
cell lines influenced by Gefitinib or STE029 or Gefitinib+STE029. EGFR: epidermal growth factor receptor.
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B 5 STEO29BXAHIFERMRRIEAE THEMEKINFM. A: BEFESIFERTHIE, BALB/c-Nude#RRIKAPCI. PCI/BB4R TR LM IBMHY K&
#, PCY/BBAR TRAMBEMKLPCIX HIFHE R EEMZ (P<0.000,1) ; B: Zi¥TFHi/F, BALB/c-Nude#RRIAMPCI. PCI/BBARK TRAM BRI EIKHEE,
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=

==Y

Fig 5 STE029 overcomes Gefitinib resistance in vivo. Compared to PC9 xenografts, PC9/BB4 xenografts showed significant resistance to Gefitinib

(P<0.000,1) (A); Tumor growth curves (B), Macroscopic appearance (C) and tumor weight (D) of xenografts harvested on day 35 for PC9, PC9/BB4

xenografts according to different treatments. ***: P<0.001; *: P<0.05.
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